Background: The incidence and mortality of gastric cancer in Mongolia is among the
| INTRODUC TI ON
Gastric cancer is the third leading cause of cancer-related deaths worldwide with the highest incidence in East Asian countries. The age standardized rate (ASR) per 100 000 population of gastric cancer incidence are 41.8 in Korea, 32.5 in Mongolia, and 29.9 in Japan for both sexes.
1 Gastric cancer is divided by anatomical location into cardia area cancer (proximal part) and non-cardia cancer (arising from the remainder of the stomach). 2 Helicobacter pylori infection is the major cause of non-cardia cancer and cardia cancer in Asia, 3, 4 whereas in studies from some western countries cardia cancer is associated with obesity, gastroesophageal reflux, and tobacco smoking. 5, 6 The incidence of proximal to distal gastric cancer varies geographically 7 with the majority of cancer from East Asian countries such as Japan, Korea, and China arising from the distal part of stomach. 8, 9 In these regions, most H. pylori contain CagA of the East Asian type which has been suggested to be especially virulent. 10, 11 Globally, there has been a trend for gastric cancer to decrease in part related to the fall in H. pylori prevalence as well as changes in food preservation and year around availability of fresh fruits and vegetables. 12, 13 Proximal cancer which overlaps with esophageal adenocarcinoma has been noted to have increased in western, [14] [15] [16] [17] [18] and some
East Asian countries 19, 20 are typically associated with non-atrophic gastric mucosa and absence of H. pylori.
Mongolia is located in East-Central Asia between Russia and
China. According to a nationwide survey conducted in accordance with international standards by World Health Organization for non-communicable disease risk factors, the Mongolian diet contains a high proportion of animal fat and red meat with high salt usage with lower amounts of vegetables and fruit. On average, their body mass index is relatively high. [21] [22] [23] A previous study among 208 non-gastric cancer dyspeptic non-gastric cancer patients showed approximately 70% were infected with H. pylori.
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The present study was designed to identify cancer risk factors in Mongolia 25 to assist in developing a screening strategy for individuals at increased risk.
| ME THODS

| Study population and sampling
We conducted a case-control study among gastric cancer and non- In provinces other than Ulaanbaatar, serum and biopsy specimens for culture were frozen at −20°C temporarily, transported to Ulaanbaatar on dry ice where they were kept at −80°C. The samples were then sent to Oita University Faculty of Medicine (Yufu, Japan)
on dry ice and were kept at −80°C until analyzed.
Written informed consent was obtained from all participants, and the protocol was approved by Mongolian Ethics Committee at
Ministry of health and by Oita University Faculty of Medicine. The questionnaire was filled out by the clinicians before the endoscopic examination.
| Endoscopic criteria
For non-malignant endoscopic mucosal details, the Los Angeles classification (erosive esophagitis: LA grade A-D, and non-erosive esophagitis) was used to define esophagitis. 29 Gastric mucosal atrophy was evaluated using the Kimura-Takemoto's classification. 30 By this classification, atrophy was classified as close type (denoted mild atrophy which is limited in the antrum and lesser curvature of the proximal corpus) and open type (denoted advanced atrophy which is more extended into corpus and cardia). The location of gastric cancers was subdivided into upper, middle, and lower part of stomach according to Japanese classification of gastric carcinoma. 31 If the cancer was located 2 regions (eg, upper and middle stomach), the predominant area involved was used as the location. Borrmann's classification 32 was used for advanced gastric cancer and Japanese endoscopic criteria was used for early stage gastric cancer. 
| Histologic diagnosis of gastric cancer and H. pylori infection
All gastric biopsy specimens were fixed in 10% buffered formalin and embedded in paraffin. Serial sections were stained with hematoxylin and eosin and with the May-Giemsa stain. For suspected gastric cancer cases, the stained slides were described using Lauren's classification and the Japanese classification of gastric carcinoma. 34, 35 For non-malignant mucosal background, the acute inflammation (polymorphonuclear neutrophil infiltration), chronic inflammation (mononuclear cell infiltration), atrophy, intestinal metaplasia (IM), and bacterial density were classified into 4 grades, according to the updated Sydney system: 0, "normal"; 1, "mild"; 2, "moderate"; and 3, "marked". 36 Samples with a grade of 1 or higher were considered as positive status. To minimize the potential bias between studies, an experienced pathologist (TU) performed the experiments, who also performed experiments for Nepal, Bhutan, Bangladesh, Myanmar, Thailand, Vietnam, Indonesia, and Dominican Republic.
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| Determination of H. pylori infection by immunohistochemistry
For H. pylori diagnosis, culture, histology confirmed by immunohistochemistry (IHC), rapid urease test, and serological tests were used.
H. pylori culture was performed as previously described. 43 IHC for anti-H. pylori antibody (Dako, Glostrup, Denmark), polyclonal antiCagA antibody (Santa Cruz Biotechnology, Inc., Santa Cruz, CA), and anti-East Asian-specific antibody were performed as previously described. 44 The serologic test used commercial ELISA kits for anti-H. pylori IgG (Eiken Co., Ltd, Tokyo, Japan) and serum CagA antibody (Genesis, Diagnostics, USA). Detailed H. pylori infection criteria are described in Figure S1 .
| Modifiable and non-modifiable risk factors
Age, gender, and ethnic background status were used for non- patients than non-cancer controls (6.5%) (P = .02). For environmental risk factors; daily drinking salty tea (P = .0001), tobacco smoking (P = .002), drinking hot beverages (P = .001), and eating a low amount of fruit (P = .005) were significantly more common in gastric cancer patients than controls ( 
| Statistical analysis
| Helicobacter pylori infection and CagA status
The prevalence of current/past H. pylori infection and CagA status for control and gastric cancer subjects are shown in Table 2 . H. pylori prevalence was high and was not significantly different among groups. All gastric cancer patients were infected with CagA-positive strains as were the majority of controls (81.2%) (P = .01). The majority of CagA-positive cases were non-East-Asian type in control (95%) and gastric cancer group (94.1%).
By H. pylori infection status, the proportion of histologic subtype of gastric cancer is shown in Figure 2 . Middle gastric body cancers had higher proportion of diffuse type cancer than upper and lower part of stomach cancer.
| Histologic background in gastric cancer and gastritis group
Histologic analyses were limited to the antrum because only one corpus biopsy specimen was allowed. control group respectively, which was consistent with our endoscopic findings (Kimura-Takemoto's endoscopic classification) and with gastric cancer being a manifestation of advanced and extensive atrophy.
Atrophy and IM scores were higher in lower part of gastric cancer than middle and upper part of gastric cancer.
| D ISCUSS I ON
Mongolia has one of the highest mortalities from gastric cancer in the world. 1 Here, we characterized the features of gastric cancer and its risk factors among the Mongolian population. H. pylori infection is recognized as playing a major etiologic role in gastric cancer pathogenesis with atrophic gastritis and development of metaplastic gastric epithelium considered the most important recognizable risk factors. 11, 46 In western countries, cancer in the distal-esophagus and gastric cardia is most often seen in H. pylori-negative patients and in the United States more than 20% of gastric cancers are now located in the cardia. 47 It has been reported that H. pylori seropositivity was present in 58% of cardia gastric cancer and 68-85% in non-cardia gastric cancers. 48 In the East Asian countries such as Japan, only 4.1% of gastric cancer are located in the cardia with an H. pylori positivity of 75.6% in cardia gastric cancer and 83% in non-cardia gastric cancer. 49 A recent Japanese multicenter collaborative study showed that cardia gastric cancer located below the esophageal-gastric junction (EGJ) was typically associated with H. pylori infection and gastric atrophy. 50 They confirmed that 61% of tumors with endoscopic gastric mucosal atrophy were located below the EGJ line (ie, in the stomach), whereas 81% of EGJ adenocarcinomas not associated with endoscopic gastric mucosal atrophy were located above the EGJ line (ie, in the esophagus) and were associated with GERD. 50 The distribution of gastric cancers within the Mongolian stomach was more typical of that seen in western populations than is seen in Japan. In this study, gastric cancers in Mongolia were often diffuse 
TA B L E 2 Helicobacter pylori infection status
F I G U R E 2 Gastric cancer subtypes and Helicobacter pylori infection. The case numbers and percentages of histologic subtypes of gastric cancer are shown according to anatomical location of gastric cancer based on H. pylori infection status type which was significantly more common in the middle gastric corpus than in the antrum or upper part of the corpus (Figure 2 ).
Intestinal type gastric cancer was predominately located in the lower (antrum) part of stomach ( Figure 2 ). The ratio of diffuse type to intestinal type gastric cancer (1.5 [29/19] ) was higher than some East Asian (0.5-1.3) and western (0.43-0.74) countries. [51] [52] [53] [54] [55] The sample in this study was a convenience sample and additional larger studies will be needed to confirm the characteristics of gastric cancer in Mongolia.
Previously, the East-Asian-type CagA was considered to an especially virulent marker 56 smoking, and eating less fresh fruits were significantly high in gastric cancer group than control group (Table 1) .
In our study, 44.4% of gastric cancer patients were H. pylori negative by histology, culture, and serology tests ( Table 2) . Although it is likely that H. pylori had disappeared long ago as a consequence of development of atrophic gastric mucosa, it is possible that atrophy was caused by another cause such as EBV. This study was a pilot study involving a convenience sample and subsequent studies including a wider age range and random sampling will be needed along with gastric mucosal mapping to determine if factors other than H. pylori infection are involved in gastric cancer in Mongolia. 61, 62 Our study confirmed that environmental risk factors such as excessive amount of salt usage, tobacco smoking, drinking hot beverages, and less usage of fresh fruit were significantly higher in gastric cancer patients than controls (Table 1) . Other factors such as microbial dysbiosis still remain to be examined. Finally, we suggest that in addition to H. pylori eradication, managing modifiable risk factors might helpful for decreasing gastric cancer incidence and mortality rate. The high incidence of gastric cancer suggests that many Mongolians are at high risk, a program of endoscopic surveillance of high-risk patients will likely need to be established.
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